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is from the middle Miocene Bullock Creek Local Fauna of Camifield Station. northwestern
Northern Territory. Description of additional fossil material referable to Neohelos tirarensis
Stirton, 1967, a middle Miocene zygomaturing from the Kutjamarpu Local Faona of South
Australia. enables the genuos 10 be distinguished from Nimbadon. The chronosiraligraphic
significance of the new zygomaturines is considered and found to approximately correspond
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Specimens representing a very small zygoma-
lunine were collected between 1984 and 1936 by
Archer, Godthelp and Hand from the Henk's Hol-
low Site, in an as yet unpamed freshwater lime-
stone on the Gag Plateau of Riversleigh Station
(Archer, Hand & Godthelp, 1986; Archer & Flan-
nery, 1987; Archer et al., 1989, 1991). Referred
material includes maxillary and dentary [rag-
ments and isolated teeth. A second, larger
Riversleigh species, represented by a maxilla,
was collected in 1986 by Pledge from Fig Tree
Site Locality adjacent to Godthelp Hill,
Riversleigh Station.

A small Bullock Creek zygomaturine is known
from a palate collected in 1981, by Rich and
colleagues, from Horseshoe West Locality (WV
113) 1n the Camfield Beds of Camfield Station,
northwestern Northern Territory (Rich et al.,
1982, 1991).

Estimates of the age of the Henk’s Hollow, Fig
Tree and Bullock Creck Local Faunas are based
mainly on stage-of-evolution comparisons of par-
ticular diprotodontian marsupials with those of
other northern and central Australian faunas

(Rich et al., 1982, 1991, Archer & Flannery,
1983; Archer & Hand, 1984; Woodburmne et al..
1985; Murray, 1990a: Murray & Megirian, 1990;
Archer et al., 1989,1991). Recent reappraisal of
the age of central Australian Tertiary mammalian
faunas, based on the study of foraminifera (Lind-
say. 1987). suggests that some of these faunas
(e.g. the Ditjmanka, Pinpa and Ericmas Loeal
Faunas) are appreciably older than once thought
(e.g. Woodburme et al., 1985: but see Tedford,
1966), possibly late Oligocene. By comparison,
the Bullock Creek Local Fauna is estimated to bt
middle Miocene in age, i.e. immediately post-
Wipajiri (Mutray, 1990a; Murray & Megician.
1990). On-going studies (Archer et al., 1991) of
the Riversleigh fossil faunas suggest that the
Henk’s Hollow Local Fauna is ?middle Miocerie
mn age and the Fig Tree Local Fauna somewhere
between late Oligocene and early Miocene inage,

The new zygomaturines described here are
most similar 1o forms currently referred 1o the
genus Neohelos. Their generic distinction, how-
ever, has been clarfied by discovery at the type
locality of new maierial referable to Necheloy
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TABLE 1. Measureme] :P[S of Neohelos tirarensis P
(AMF87625) and M ° (AMF87626) from the Leaf
Locality, Lake Ngapakaldi, South Australia. In mm.
Abbreviations: ant, anterior; post, posterior; paramet,
parametacone; proloc, prolocone; parac, paracone.

Length 15.8
width 13.9
P’ width(paramet to protoc tips) 5.5
height(paramet) | 114
height(parastyle) l 6.5
length | 18.8
M? |width(ani) 17.2
width(post) 15.8
height(parac) 7.8

tirarensis, the type and only named species of the
genus. The original description (Stirton, 1967) of
this Miocene zygomaturine from the Kutjamarpu
Local Fauna of central Australia was based on
five isolated teeth collected in 1962 at the Leaf
Locality, Lake Ngapakaldi, Etadunna Statlon

South Australia. The holotype, a broken P, pre-
serves only the posterior portion of the 1o0th.

Though less complete than the other tecth, it was
selected as the holotype because of the impor-
tance of premolar morphology in diprotodontoid
systematics (Stirton, 1967; Stirton, Woodburne
& Plane, 1967).

In 1982 two isolated teeth referable to N. -
rarensis were collected from the type locality by
Archer, Hand, T. Flannery, G. chkle J.Cascand
P. Bnd%e a well-preserved RP? (AMF87625)
and RM” (AMF87626). These add considerably
to knowledge of this species. Additional materi-
als referable to Neohelos from the Bullock Creek
Local Fauna (Plane & Gatehouse, 1968; Plane,
1971; Murray & Megirian, 1992) and various
Oligo-Miocene Riversleigh local faunas (Archer
etal., 1989, 1991) are presently under study.

Institutional abbreviations used here are as fol-
lows: QMF, fossil collection of the Queensland
Museum; AMF, fossil collection of the Austra-
lian Museum; SAMP, palaeontological collection
of the South Australian Museum; NMVP, pa-
lacontological collection of the Museum of Vic-
toria; AR, research collection of the School of
Biological Sciences, University of New South
Wales. Cusp nomenclature follows Archer
(1984) and Rich, Archer & Tedford (1978). The
posterolingual cusp of the upper molars, conven-
tionally called the hypocone (e.g. Stirton, Wood-
burne & Plane, 1967), is now called the
metaconule following Tedford & Woodbume
(1987) but the posterolingual cusp of P, follow-
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ing unchallenged convention, is called the hypo-
cone. Cheektooth homology is that proposed by
Archer (1978). Higher level systematic nomen-
clature follows Aplin & Archer (1987).

SYSTEMATICS

Superorder MARSUPIALIA Illiger, 1811
Order DIPROTODONTIA Owen, 1866
Family DIPROTODONTIDAE Gill, 1872
Subfamily ZY GOMATURINAE Stirton,
Woodburne & Plane, 1967

Neohelos Stirton, 1967
(Fig. 1, Table 1)

Type species. Neohelos tirarensis Stirton, 1967

REVISED GENERIC DIAGNOSIS

The following combination of features appears
to distinguish species of Neofelos from all other
zygomaturines: P? with large, erect parastyle that
is well 1solated from the parametacone; parastyle
is conical without tip developed as a blade; an-
terolingual basin well defined in P’ by distinct
basal cingulumextending between parastylar cor-
ner of tooth to anterolingual base of protocone; P
parametacone with an undivided tip; parameta-
conc tip not developed into anterobucally ori-
ented blade; line between protocone,
parametacone and widest buccal point on crown
is approximately rectilinear and divides crown
either in half or leaves antenor division shorter
than the posterior division; P? with well devel-
oped hypocone or hypocone shelf; M with well
developed parastyle and metastylc.

Nimbadon n.gen.
(Figs 2-5, Table 2)

Type species. Nimbadon lavarackorum n.sp.
Additional species. Nimbadon whitelawi n.sp., Nim-
badon scottorrorum n.sp.

GENERIC DIAGNOSIS

Specics of Nimbadon differ from those of all
other zygomaturines (with special reference to
Neohelos, the taxon to which they are othcrwise
most similar) in the following combination of
features: small size (although they are larger than
Raemeotherium Rich, Archer & Tedford, 1978);
in having a molar gradient that does not apprecia-
bly increase postcriorly (in contrast to all other
Zygomaturines except Raemeathermm) posteri-
orly inclined parastyle on P? (rather than conical
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FIG. 1. Neohelos firarensis, Leaf Locality, Lake Ngapakald, §outh Australia. AMF87625, RP: A-A’, occlusal
stereopair; B, buccal view; C, lingual view. AMF87626, RM™: D-D’, occlusal stereopair. Bar indicates 10mm.

and erect as in other zygomaturines except possi-
bly Plaisiodon centralis Woodburne, 1967); an
anterolingual blade on the parastyle of P? that
surmounts a posterolingually oriented thegotic
facette (in contrast to no apical blade such as
may[?] characterise Neohelos); completely undi-
vided parametacone on P? (in contrast to all other

zygomaturines except Neohelos and Alkwertath-
erium Murray, 1990b); an anierobuccal blade on
the parametacone of P’ that surmounts an
obliquely oriented anterolingual thegotic facctte
(in contrast 1o either no blade or a poorly devel-
oped anteriorly oriented blade such as may[?]
charactenise Neohelos); very small to absent hy-
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LOWER DENTITION
Species Nimbadon lavarackorum
TABLE 2. Measurements of QMF 23142 | 23153 | 23154 |23155* | 23158 | 23159
Nimbadorf lavqrackorum Py & 12.5 10.9
n.sp., N. whitelawi n.sp. atpd N. w 7.0 58
scottorrorum n.sp. from
Riversleigh and CarIr)xﬁelq Sta- M L il 1.3 3.0
tions, northern Australia. In 2 | wiant) 8.4 8.5 83
mm. Brackets around figures wlposy| 9.4 8.6 8.4
ipdicate eslima}es. Abbrevia- L 15.4
tions: ant, anterior; post, poste- Ms | wian) 10.1
rior; *Gag Site specimens.
w(post) 10.0
L 15.5 14.0
Mé | w@nty | 110 10.6
w(post) 10.2 9.8 |
G 15.9 14.3
Ms {w@ny| 111 11.2
wi(post) 10.0 9.9
P3-Ms L 72.7
Maz.s L 60.9
UPPER DENTITION
N. N.
Species Nimbadon lavarackorum whitelawl  [scottorrorm
NVM
QMF 23141(23143 | 23144 | 2314523146 | 23147 | 23148 123149 | 23150|23160* | P186506 23157
right | left
p? L [127 |141 | 124 12.9 [13.0 14.3
w 10.3 10.4) [10.9 13.4
L 11.9 13.3 14.1 (13.1 [13.2 17.1
M® [ 102 10.9 113 _|(9.3) 15.0
w(posty| 9.9 10.8 10.5 9.2 15.8
L 12.3 13.7 14.3 |[13.1 17.9
M’ wiant) | 11.3 1.6 [10.9
wi(post)} 10.1 10.9 10.4 [(9.5) -
L 13.8 14.3 13.5 18.5
M w(ant) 11.5 12.2 11.1
w(post) 10.7 12.5 | 104 9.7
L 13.5 18.1
M’ w(ant) 11.3
w(post) 9.8
Palate width 29.2
M| L (84.4)
Pum| L 52.8 66.3
PM| L 253 |258 48.2
M7P | L (71.5)
ML 39.5 53.1
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FIG. 2. Nimbadon lavarackorum n.gen., n,sp-, Henk’s Hollow Site, 3R‘lvers]eigh Station. A-A’, QMF23141,

holg)lypc, left maxillary fragment with M
RP

pocone on P? (in contrast to Alkwertatherium and
most but not all Neohelos and 1n contrast to all
other zygomaturine P*s where this cusp is large,
including Maokopia Flannery, 1992); pos-
terobuccal basal cingulum on P? (in contrast to
most other zygomaturines except Alkwertath-
erium and Neohelos where this feature is variably

, M? and buccal half of P°, occlusal stereopair. B-D, QMF23143,
: B, lingual view; C-C’, occlusal stereopair; D, buccal view. Bar indicates 10mm.

developed); poorly developed to absent anterol-
ingual basal cingulum joining base of parastyle 10
base of protocone (in contrast to most other zy-
gomaturines except some Neohelos where there
may be only a very small cingulum); an anterol-
ingual crest on P? that extends from the parameta-
cone lowards the protocone but, veering
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snteriorly, bypasses the buccal crest from the
protocone and extends ta the anterolingual basal
cingulum (in contrast to directly connecting 1o the
huceal crest from the protocone s occurs in most
if not all other zygomaturines): a line extended
buccally through the protocone and parameta-
cone passes anterio 1o the position of the widest
point on the buccal base of the crown (in contrast
to intersecting this point as it does in Neahelos
and Alkwertatherium, although this feature 1s
variable in Nimbadon whitelawi n.sp.); this same
line divides the crown such that the antericr moi-
ety 15 longer than the posterior one (as it does 1n
Alkwertatheriuwn but in contrast to either dividing
the crown into approximalely equal lengths or
into shorter anterior and longer posterior moietics
as it does in Neohelos); poorly developed parasty-
les and imetastyles on upper molars (in contrast to
species of Neohelos bul as in some anterior leeth
of other zygomaturines such as F. centralis).

ETymoLoGy

Nimba is a northwestern Queensland Aborigi-
nal word (Wanyi language) meaning 'small™; don
is Greek for “tooth ™. The name alludes to the small
molars found in species of this genus and to the
fact that the posterior molars do not increase
markedly in size from M2 to M4 as they appear
i do in the otherwise similar Neohelos tirarensis.

Nimbadon lavarackorum n.sp.
(Figs 2,3)

HOLOTYFE
The holotype 15 ()NFJB 141, s Jeft maxilla
containing M, M" and the buccal half of P*.

fragment

ETYMOLOGY

The species is named after Sue and Jim
Lavarack in recognition of their invaluable sup-
port in the field at Riversleigh and as founding
members and hard working Councillors of the
Riversleigh Society, a support group for Austra-
lian palaeontological research.

TYPE LOCALITY AND AGE

Henk’s Hollow Locality (Archer & Flannery,
1987) occurs within the sequence of Tertiary
limestones outcropping on Riversleigh Station,
northwestern Queensland (Archer & Hand, 1984
Archer et al., 1989, 1991). It is stratigraphically
near the top of the System C sequence as defined
by Archer et al. (1989, 1991). This is interpreted
to be siratigraphically higherthan Site D (System
A containing the Riversleigh Local Fauna;
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Archer 1 al, 1991), Miciosite (containing the
Nooraleebd Local Fauna; Sigé, Hand & Archer,
1982; Hand, 1993) and Gag Site (near the base of
System C, containing the Dwornamor Local
Fauna; Flannery & Archer, 1984; Hand, 1935,
Archer et al. 1991), but is close to (thougl siill
above) the level ot Two Trees Site (containing the
Two Trees Local Fauna Flannery & Archer,
[987). On the basis of its siratigraphic position
and stage of evolution comparisons of 1ls fossil
rammals (work in preparation), the Henk's Hol-
low Local Fauna is tentatively interpreted here to
be mddle Miovene 1n age (Archer er al, 1989,
1991).

REFERRED SPECIMENS AND THEIR LOCALITIES
QMF23142 from the Henk's Hollow Locality, a lefi
dentary containing P3-Ms, is tentatively referred to this
species, as are the following isolated weth from Heok's
Hollow: QMIT23143, a right p QME23144, a left a
QMFF23145, u left M, QMF23146, a right M";
QMF23147, a left MY QMF23148. a Teft ?M®:
QMF23149, a right M'; QMF23150, a right M’:
QMF23151, p right P3; QMFZ3152, a left Py,
QMF23153, a night Py, QMFE23154, u left '?Iy’la.
OMFE23155, aright Mz, and QMFE23160, a right M™,
were collected from the Gag Site of the same plateau,
Riversleigh Station.

REFERRED LOCALITIES AND AGES

The stratigraphic relationships of the Henk's
Hollow Local Fauna and the Dwornamor Local
Fauna are indicated above, At present, both are
interpreted to be ymddle Miocene in age.

SPECTES DIAGNOSIS

This species 1s distinguished from Nimbadon
scattarrarum n.sp. from Riversleigh's Fig Tree
locality (see below) by its smaller size, relatively
longer P, better developed hypocone on P, less
well-developed parastyle on M7 and probubly
more elongate posterior upper molars and less
well developed postmetacnista but more discrete
metastyle on M=,

It is distinguished from the similur-sized N
whirelawi n.sp. by its almost square (rathet than
rectangular) upper molars,

DESCRIPTION

P! is represented by three specimens: a LP?
from the holotype, QMIF23141; ap isolated RP’,
QMPP23143; and an isolated LP, QMF23144.
The tooth 15 widest across the protocone, sharply
pinching 1n antenorly and smoothly rounding
posteriorly. It is subtriangular and is comprised
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FIG. 3. Nimbadon lavarackorum n.gen., n.sp., Henk's Hollow Site, Riversleigh Station. QMF23142, left demary
with P3, My, M3 My and Ms, occlusal stereopair. Bar indicates 10mm.

of four cusps: the parastyle, parametacone, proto-
cone and hypocone (the latter however being
variably developed). The parametacone is the
highest cusp. It is blade-like with a strong shear-
ing crest on the posterior edge and a short an-
terobucally oriented apical crest. The protocone
and parastyle are subequal to each other in sizc.
The hypocone is the smallest cusp and is even
absent in one specimen (QMF23144). There is no
suggestion of a division in the parametacone
which is pyramid-shaped having relatively flat-
tened anterior, buccal and hingual faces. The pro-

tocone is lingual to the parametacone and the
hypoconc lies posterobuccal to the protocone.
The hypocone is more sharply separated by deep
fissures from the buccal cugps than is the proto-
cone. The parastyle is posteriorly inclined with a
short anterolingually oriented apical blade. This
large conical cusp forms a strong anterobuccal
projection in the occlusal outlinc of the crown. It
is separated from adjacent cusps by a chevron-
shaped transverse cleft that is better-developed
lingually than buccally. Posterior to this cleft, and
on the anterior flank of the parametacone, a con-



spicuous ridge extends anterolingually from the
tip of the parametacone to the anterolingual ein-
gulum at a point anterobuccal to the base of the
protocone. From the tip of the protocone, a
poorly-defined transverse crest runs buccally un-
til it almost meets (but does not) the parametacone
ridge, its counterpart, at the commisure that scpa-
rates the protocone and parametacone. Anterolin-
gually, a very poorly developed (to ?Zabsent)
cingulum extends from the anterobuccal base of
the protocone to the lingual base of the parastyle
but does not continue up the flank of the parastyle.
A eingulum is also developed posterobuceally
from the buccal flank of the parametacone to the
most posterior point of the crown (but is better-
developed in some speeimens than in others) and
appears to be developed posterolingually from
this point to at least the base of the hypocone.
There is no evidence of an anterobuceal cingu-
lum. From the tip of the parametacone, a proni-
nent erest runs to the postcrior margin of the
tooth, dividing the posterolingual and pos-
terobuccal eingula. A small crest runs posteriorly
from the tip of the protocone to a swelling or
cuspule. Another thin crest on the posterior face
of the hypoeone appcars to converge with the
posterolingual cingulum (at leastin QMF23144).
The tooth is two-rooted. The anterior root is coni-
cal and slightly antcriorly sloping; the larger pos-
terior root is anteroposteriorly flattened and
anteriorly convex. Many of the medial surfaecs
of the four erowns are ecovered in fine, poorly
developed crenulations. There are two roots: one
anterior oval one beneath the parastyle; and a
much longer anteroposteriorly eompressed root
that extends transversely beneath the whole width
of the posterior part of the erown.

M?. The first upper adult molar is known from
thu holotype, QMF23141, and 7an isolated left
M2, QMF23145. 1t is a low-crowned almost
square transversely lophodont tooth that is only
slightly longer than wide. It is comprised of an
antcrior moiety, the protoloph, and a posterior
moiety, the mctaloph. Both are anteriorly convex.
The paracone and metacone are similar in size as
are the slightly shorter protocone and metaconulc.
The metaconule is slightly higher than the proto-
cone and more lingually-situated. The metaloph
is thus wider than the protoloph. The paracone
and metacone are slightly closcr together than are
the protocone and metaconule. In the anterobuc-
cal corner of the tooth a weak parastyle is devel-
oped at the buceal end of the short anterior
cingulum. There is no metastyle although there is
a prominent postmetacrista that extends from the

MEMOIRS OF THE QUEENSLAND MUSEUM

tip of the metacone to the posterior cingulum with
which it merges. A weakly developed postparac-
rista on the posterior flank of the paracone ex-
tends toward the midvalley but stops short of
eontaeting similar premectacristac that extend
from the metaconc and from just lingual to the
metacone towards the midvalley. From the proto-
cone and metaconule, wide but very faint crests
extend posterobuccally aeross the posterior
flanks of the protoloph and metaloph. From the
protocone, this crest extends to the transverse
valley near the midline; from the metaconule this
crest extends to the posterior cingulum also near
the midline of the tooth.

Wear faeettes on these crests exhibit polish and
parallel striations (particularly in QMF23145)
suggesting that their function was maintained by
thegosis against (respeetively) the entoconid of
M: and the mctaconid of Ms. The anterior cingu-
lum extends from the parastyle around the lingual
base of the protocone where it is interrupted and
then continucs across the lingual end of the trans-
versc valley to the anterolingual base of the meta-
conule where it is interrupted and then continues
around to the metastyle. There is no buccal cin-
gulum. The M? may have been three-rooted with
a cylindrieal root beneath the paracone and an-
other beneath the protocone and asingle wide root
beneath thc metaloph. Precise thegotic facettes
occur on the anterior trailing edges of the pro-
toloph and metaloph blades. The anterior flanks
of the protoloph and metaloph are “hollow-
ground” in anticipation of the thegotic sharpening
of the blades. Fine vertical crenulations on the
flanks of the protoloph and metaloph produce
secondary, vertical Tbeta thegotic blades as the
tooth sustains abrasive and thegotic wear.

M*> M are similar to M? in basie morphol-
ogy but are slightly larger and higher-crowned.
The paracone is larger and morc buceally- situ-
ated than the metacone. The protoloph and nicta-
loph increase slightly in width from M**. The
parastyle and poslmelacnsla are mall\edly re-
duced in M such thatin M? they are represented
by terminal swellings in the anterior dn(lPOS[Cl'IOI'
cingula respectively and are absent in M* and M.
In some specnmens (e.g. M?in QMF23160), how-
ever, there is a very tiny cuspule on the posterior
flank of the metacone of posterior molars. The
postparacrista is less well-developed as are the
crests from the protocone and metaconule. The
mesostyle appears to be lacking. The part of the
crown anterior to the protoloph is shorter and the
swelling in the transverse valley better developed.
The metaloph is much more strongly curved in
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M* and is more lingually offset with respect to
the proteloph.

Dentary. QMF23142, a dentary containing Pa,
Ma s, is tentatively referred to this species. It1s of
a s1ze appropriate for some of the referred upper
molars of this species and in its suite of plesio-
morphic zygomaturine features (e,g, its lack of a
pusteriorly increasing molar size gradient), is
analogous 10 the phylogenetic state of the upper
molars of . lavarackorum. However, because
the specimen appears to be approximately 10%
larger than the holotype, there 15 still some slight
doubtabout the propriety of referring this dentary
10 N, lavarackorum.

The dentary s badly fractured and is missing
the incisor, medial symphysis, angle and ascend-
ing ramus. [t is deepest below the hypolophid of
M. The ventral berder slopes posteriorly upward
Irom this point and anteriorly upward to a4t least
the hypolophid of Mz, The anterior edge of the
coronoid process leads posterodorsally from the
body of the henzontal ramus. The postalveolar
process is missing. There is no distinct digastric
fossa and the area beneath the leading edge of the
coronoid process is smooth shggesting that the
masseteric fogsa was not deep. The mental fora-
men 15 located approximately 4mm in front of a
vertical line marking the most anterior edge of the
P crown. It is round in Jateral view and opens
anterodorsally onto the buecal surface of the di-
astemal region. Although the mundibular fora-
men 15 not preserved, the mandibular canal is
represented by a sulcus at about the level of the
eih row.

The Ps is preserved in QMF23142 as well as
QOMF23152, an isolated LPy, QMF23153, an 150-
lited RP3 and QMF23151, an solated RPa. The
tooth is longer than it is wide and more narrow
anteriorly than posteniorly. It bears a central prin-
cipal cusp, the protoconid, and a much smaller
medially  positioned postenior  cingular cosp.
These are joined by a prominent longitudinal
shearing crest that also extends antenorly from
the protoconid to terminate as a cuspule or cingu-
lar swelling at the anterior edge of the crown.
Lingual 1o the principle central cusp Lhere is a
variably distinguished cuspule (stylid or vertical
enistid). This structure is the apex of a vertical
flanking crest that extends ventrally 1o a point just
posterior to the limgual base of the protoconid.
This crest is most conspicuous in postenor view.
A posterolingual cingulum leads posteriorly from
the base of this crest (o the base of the posterior
cusp. A similar but much less well-developed
verlical cnistid extends ventrally from the buccal
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apex of the protocomd. Taken together. these
flanking cuspules and their assocyated vercal
cristids comprise a transverse structure that inter-
sects the crown at its apex al ight angles w (he
main lengitudinal shearing cristid. The posterior
cingulum 1s much better developed than the ante-
rior cingulum which 1§ presentonly at the anteral-
ingual tip of the crown. The posterior cingulum
extends from the lingual base of the protoconid o
the: posterior cusprd where it is met by the buccal
base of the protoconid but 1s best developed in the
region of 1be posterior cuspid where it 1s met by
the main longitudmal crest of the crown, In this
area of intersection, the posterior camgulum is
conspicucusly crenulared in some specimens (i.e.
QMF23152 and QMF23153) and slightly less <o
inothers (1.e. QMF23151), In QMEB23152, a wear
facerte on the posterobuccal cingulum, possibly
produced by the P° parametacone, 1§ developetd
which is not seen in other specimens. [n this same
specimen, just antenor o the crenulated posterior
cingulum, a transverse crest extends anterolin-
gually from the tip of the posterior cusp to the
posterolingual cingulum. I[n all specimens, a wear
facelle Tor My is developed at the tallest point of
the posterior cingulum. The iooth 15 double-
rooted, the anterior root being conical in shape,
the gostcn’nr root being anteroposteriorly flal-
tened.

Specimens QMF23152 and QMF23153, al-
though similar in morphelogy, are considerabiy
smaller thin the Py preserved in the dentary. The
Py 1o this species might be sexually dimorphic.

M2 The Mi. known from QMF23142 and
QMF231547 (and the Gag Site QMF23155),ixan
elongate. subrectangular tooth that is narrower
anteriorly than posteriorly. The trigonid of M; is
represented by o transverse protolophid and an
arcuate anterolingually directed paracristid that
extends to the antenior margin of the tooth, From
the protocomd a short indistinct crest (?protocris-
id) appears to extend posterobuccally to termi-
nmate in a slight swelling which is perhaps the
protostylid. From the metaconid, a crest extends
anteriorly a short distance, From the entoconid, 4
short entocristid extends anterolingually.

In peclusal view, the paraeristid 15 convex bis -
cally, the protplophid is transverse or very
slightly posteniorly convex and the hypolophid 1s
markedly posteriorly convex. The protolophid is
narrower than the hypolophid. An anicrior cingu-
lum i5 present both buccal and lingual to the

antenor end of the paracristid, The cingulom on

1he buceal side is not preserved i QMF23142, is
distmet (between the protolophid and hypolo-
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phid) in QMF23155 butnot in QMF23154. There
18 no lingual cingulum or cristid obliqua in
QMF23142 but there is a lingual cingulum in
QMF23155 (again between the protolophid and
hypolophid). The posterior cingulum connects
the posterior hase of the hypoconid to that of the
entoconid, A wear facette is developed at the
midpoint of the posterior cingulum. Distinct wear
facettes extend along the posterior lengths of the
protolophid and hypolophid. In lingual view, the
floor of the transverse valley is U-shaped. The
protoconid 1s taller than the subequal metaconid,
hypoconid and entoconid. The tooth is double-
rooted bul these are not well preserved in the
isolated teeth QMF23154 and QMF23155.

QMF23154 (M3?) has a paraenstid and pre-
metacrishd that are much Jess distinet than those
preserved in the dentary and Gag Site specimen.
Only the paracristid extends to the anterior cingu-
lum of the tooth. In this specimen. the enamel on
the posterior face of the protolophid has promi-
nent vertical crenulations. The crstid obliqua is
also distinct although low and exiends as a minor
vertical crenulation on to the posterior flank of the
protolophid.

M.s. Unlike Ma, trigonids of the posterior mo-
lars lack a prominent paracrishid and are more
rectangular in appearance with the protolophid
being slightly wider than the hypolophid in Mas.

In M3, the protolophid and hypolophid are ap-
proximately the same width. The paracristid
forms a poorly-defined vertical crest that cxtends
only partly down the anterior face of the protolo-
phid. The premetacristid is also poorly defined
and extends approximalely the samie distance.
Protolophids and hypolophids became more pos-
teriorly convex from Mz 10 Ms, In Ma.s, the pro-
tolophids are  murkedly wider and the
hypolophids are lingually displaced. My and Ms
are larger than Ma.

Nimbadon whitelawi n.sp.
(Fig 4)

HoLoTyYPE

The holotype and only Xnown wpeumeu 15
NMVP186506. It preserves 1lhc: palate, rRP-M° .md
LPM . All teeth except P~ are dainaged and Lm?
and RM” are missing parts of their posterior halves.

ETYMOLDGY

This species is named after Michacl Whitelaw
who assisted in the collection and processing of
specimens from Bullock Creek,
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TYPE LOCALITY AND AGE

The type localily is fossil vertebrate locality
WYV 113 in Bultitude (1973) (17°7°S, 131°32'E),
the Horseshoe West locality of the Camfield Beds
a1 Bullock Creck, Camfield Station, northwestern
Northem Teritory. The Bullock Creek Local
Fauna (Plane & Gatchouse, 1968; Archer &
Bartholomai, 1978; Rich et al., 1991; Archer &
Hand, 1984; Murray & Megirian, 1990, 1992) is
currently interpreted to be ?middle Miocene, i.c.
immediately post-Wipajiri, in age (Woodburne el
al., 1985; Murray, 1990a; Murray & Megirian,
1990, 1992),

SPECIES DIAGNOSIS
This species is distinguished [rom N. lavarack-
orum and N. scottorrorum by its markedly more
elongate (i.e. less square) upper molars and rela-
tively more anteriorly situated buccal swelling on
. It is also distinguished from N scoltorrorum
bv 1ts relarively much longer P* and markedly
convex anterior and posterior molar crown mar-
gins such that these teeth have a much reduced
area of interdental contacl.

DESCRIFTION

The species is described msofar as it differs
from Nitnhaden lavarackortin.

The palate preserves most of the right and a
large part of the left maxillae und small fragments
of the left and right palatines, Anteroventrally, the
palate is fractured af or behind the premaxillo-
maxillary suture. Posteroventrally, it preserves
the maxillo-palatine suture. The lauer extends
anteriorly to a point medial 1o the posterior part
of M". Palatal ndges extend longitudinally and
anteriorly a‘long the length of the palate from the
level of M™. The right diastemal crest runs an-
terolingually. The tooth rows are parallel to
slightly convex huccally. Anteriorly. doming of
the median region of the palate is marked. It
extends postenarly to the level of the rear of M?
and, though shallowing perhaps, anteciorly to af
lewst just behind the premaxillo-maxillary bound-
ury. There is a pair of nutrient 1oramma on the
ng.m side of the palate medial to P* and on the left
mdc a single foramen. Medial 1o the hypolaph of

. is another tiny foramen on each side of the
Qalau The infraorbital foramen canal 18 about
Ommin length. The infraorbital canal opens ontg
the face 14mm above the anterior edge of the >
alveolus. Sulural relationships of the palatine,
lacrimal, jugal and maxillary bones are unclear.
There is no evidence for maxillary or palatal
vacuitics ulthough the anterior and postertor ex-
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FIG 4. lyimbadon whitelawi n.sp., Bullock Creek. Northern Territory. NMVP186506, palate with RP-M° and

LP’- » vcelusul stereopair. Bar indicates 10mm
tremities of the palate are missing. The maxillary
process near the roof of the zygomatic arch, al-
though damaged, is down-tumed and conspicu-
ous but does not extend ventrally below the level
of the palate. There appears to have been a very
reduced orbital wing of thc maxilla, although
bone boundaries in this region are unclear,

Upper dentition. The P* differs from most
specimens (all cxeept QMF23144 AR5513) of N.
favarackorum in the greater degree of devclop-
ment of the hypoconc. In N. whitelawi the
parastyle appears to be Iess posteriorly inclined
and the anterolingually-directed crest that ex-
tends from the parametacone to the anterolingual
cingulum is less distinct although it is possibly
diminished by wear. It nevertheless approaches
the buccal crest from the protocone at a stecp
angle rather than perpendiculir.

The M? on both sides of the holotype is dam-
aged buceally and lingually. However, it appears
1o differ from both Riversleigh species of Nimn-

badon in being longerrelative to P and in appear-
ing to be rectangular rather than square,

The M? appears 1o differ from the Riversieigh
spccics 1n a similar way as M<, but it appcars to
be relativety even more elongate. M* and M? are
approxumately cqual in length.

The M* differs less from that tooth in the other
species of Nimbadon.

All of the cheekiecth of N. whitelawi appear 10
differ from those of N. scottorrorian in having
anteriorly and posteriorly markedly convex touth
margins so that the crowns abut with limited
contact.

Nimbadon scottorrorum n.sp.
(Fig. 3)

HOLOTYPE

The holotype and only known specimen is QMF23157
(formerly SAMP2781S), a right maxillary fragment
containing P3, Mz‘ M3, M* and MS. While P? and M?



are intact, M are missing the buccal margins ol the
crown.

ETYMOLOGY

The species is named after Sue and Don Scolt-
Orr, in recognition of their long-term support for
the Riversleigh Palacontological Research Pro-
ject. With the Lavaracks, they are also founding
members and Councillors of the Riversleigh So-
ciety.

TYPE LOCALITY AND AGE

The type locality, Fig Tree Site, is adjucent Lo
Godthelp Hill, Riversleigh Station, northwestern
Queensland. It is laterally adjacent to units re-
garded by Archer et al. (1989, 1991) 1o be part of
Systemn B although it may actually be from the
basal part of System B or even upper part of
Systern A, hence stratigraphically below Henk's
Hollow (upper part of System C; Archer, Hand &
Godthelp, 1986) and Gag Sic (lower part of
System C; Flannery & Archer, 1984; Hand, 1985)
and possibly above or equivalent to Microsite
(?System A; Sigé, Hand & Archer, 1982; Archer
etal., 1989, 1991)and Site D (System A: Tedford,
1967: Archeretal., 1989, 1991). On this basis and
stage of evolution comparisons of tle farsupials
in these faunas, the Fig Tree Local Fauna is
interpreted 1o be Tlate Oligocene-early Mincene

1h age.

SPECIES DIAGNOSIS

This species 1s distnguished from Nimbadon
lavarackorum and N. whitelawi by its larger size,
anteroposteriorly compressed P! {which 1s much
shorter than any upper molar), its more rabust
cingula on all cheekieeth and its greater parastylar
development in M* (contributing 1o the squared
appearance of these leeth). It also has less convex
anterior and postetior molar crown  mMarging
which therefore have much wider interdental con-
tact with each ather.

[t is further distinguished from most (but not
all) N. lavumrlwmm by its much smaller hypo-
cone on P,

DESCRIPTION

Nimbadon  scovorrorum  differs  from N
lavarackorion and N. whitelawi as follows,

The P? is markedly anteropostenorly com-
pressed such that it is almost as wide asit is long
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and is subrounded in shape, Unlike N. lavarack-
orum, in which P~ is equal in length or longer than
any adult upper molar, in N. scottorrorum this
tooth is the shortest in the tooth row. The hypo-
cone appears to have been very poorly developed.

The anterobuccal comer of M” has a much
squarer appearance due 1o greater parastylar de-
velopment in the anterior cingulum. This is Lrue
also of the posterobucecal corer of the tooth
where metastylar development occurs mid-way
along the postmetacrista.

Parastylar development in M7 is n,lanvely
marked compared with its condition in N
tavarackorum. The teeth are buceally fractured in
M** making it impossible to determine the de-
gree of development of the buccal cusps in M2

DISCUSSION

The three diprotodontids described here appear
to comprise a new clade of zygomaturines. As
species of the new genus Nimbacdon' . they may
be djstinguished from other zygomaturines by,
among other features, a combination of upper
premolar attributes. Premolar morphology was
extensively used by Stirton (1267) and Stirton et
al. (1967) to help resolve distinctions between
diprotodontidlineages and has subsequently been
used by most workers, Few other character sys-
tems have been found to be as useful in distin-
guishing probable nter-relationships  among
Tertiary diprotodontids.

Since Stirton et al.’s (1967) review of Tertiary
diprotodontids, diverse diprotodontoid materials
have been collected from Oligo-Miocene fossi
sites at Riversleigh, Bullock Creek, Alcoota and
Beaumaris and from Pleistocene sites in New
Guinea (e.g. Flannery, 1992) and many areas of
Australia, This material includes specimens rep-
resenting new genera and probably new diproto-
dontoid subfamilies. Murray (1986, 1990a,b) has
named several new Terfiary taxa but the bulk of
the malenal, particularly from Riversieigh sites,
is yet to be described. Ag a result of the new
discoveries, the superfamily Diprotodontoide 15
in need of major revision,

Al present (e.g. the reviews of Archer, T984;
Aplin & Archer, 1987; Marshall, Case & Wood-
burne, 1989, Murray, 1990b) two diprotodoniond
famibies are recogmsed: the Palorcheshidae: and
the Diprotodontidae with 1wo subfamilics, the

""The generic name Nimbadon was used by Murray (1990b) in a cladogram of hypothetical phylogencuc
nier-relationships among Miocene diprotodontids. However Murray did not designaie 4 species of Nimbadon
in the cladogram or in Lhe ensumg discussion, and, as outlined in Article 138 of the Code of Zoological
Nomeneclature, ‘Nimbadon™ was thus used as s nemem nudum,
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FIG. 5. Nigbadon scottorrorum n.sp., Fig Tree Site, Riversleigh Station, QMF23157. right maxillary fragment
with RP™- M7, A-A”, occlusal stereopair; B, buccal view. Bar indicates 10mm,

Diprotodontinae and the Zygomaturinae. Al-
though zygomaturines have traditionally (e.g.
Stirton ct al., 1967) been considered to be among
the most primitive of diprotodontoids, it 1s by no
means certain that this 1s so (Murray, 1990b). It
15 not clear what might be used as an appropriate
outgroup in a phylogenetic anulysis ol zygoma-
turines nor, consequently, are polarities of char-
acter  state  morphoclines  within  the
Zygomaturinae confidently determined.

Murray (1990b) has discussed other difficulties
in analysing diprotodontid phylogenetics. He
notes that despite the fact that many Tertiary
diprotodontids are represented by almost-com-
plete skull and demtary material, diseontinuities
in some character complexes and the continu-
ously varying nature of others tend to obfuscate
clarification of relationships between taxa. Con-

siderable variability in cramal morphology has
been observed in some zygomaturines (e.g. in a
Neohelos sample [rom the Bullock Creek Local
Fauna; P. Murray, pers.comm.), and the molar
dentitions of the zygomaturines Plaisiodon cen-
tralis Woodburne, 1967 and Alkwertatherium
webbi Murray, 1990b and the diprotodontine
Pyramios alcootense Woodburne, 1967 have
been found to overlap in size and morphology
(Murray, 1990b).

It is perhaps a measure of the difficulties en-
countered in determiming species and generie
boundaries for diprotodontids that Nimbadon is
one of few non-monotypic Tertiury zygomaturine
genera, the others being Kolopsts Woodburne,
1967 and Zygomarurns Owen, 1859,

Recognition of the genus Nimbadon has been
facilitated by re-diagnosis of Neohelos Stirton,



1967 based on new material oblained by Archer
and colleagues 20 years after the original material
was collected by Stirton and colleagues from the
Leaf Lecality of Lake Ngapakaldi, Scuth Austra-
lia. This provides novel information about the
anterior marphology of P°, which exhibits,
among other distinctive feptures, a large, enect
parastyle. This feature is also present in speci-
mens referred to Neohelos from the Bullock
Creek and Raversleigh Termary Faunal assem-
blages (Plane & Gatchouse, 1968; Plune, 1971;
Rich et al, 1982, Murray & Megirian, 1990,
1992; Archer et ul.. 1989, 1991).

In his review of Oligo-Miccene diproiodoniid
taxa, Murray (1990b) postulates a number of phy-
logenetic hypotheses, only one of which is ex-
pressed in his cladogram (fig. 14). The latier 15
based primarily on analysis of denltal characters
(in particular, P*), using species of the Oligo-
Miocene palorchestid genera Ngapakaldia and
Pittkantia as outgroups. 1n it, Murray identifics
species of Kolopsis and Zygonaiurus as the most
derived diprotodontids and Neohelos lirarensis
as their closest relative. Specigs of Nimbacdon
form the sister-group to the Nechelos—Kolopsis—
Zygomaturus clade. with Plarsiodon centralis
being the sister-group of a Nimbadon-Neohelos—
Kolopsis—Zygomarurus clade, Kolopsowdes onl-
indens Plane. 1967 the sister-group of 3
Plaisiodon—Nimbadon—Neohelps—Kolopsis—
Zygomaturus clade and Alwertatherium webbi
the most plesiomorphic of zygomaturines. Spe-
cies of Pyramios, Enuryzygoma, Bemarherium and
Diprorodon form o separate (diprotodonting )
clade. Raemeotheriom yatkolar Rich, Archer &
Tedford, 1978 lrom the 7late Oligocene Namba
Formation of Lake Pinpa, South Australia, is
interpreted o be the most plesiomorphic member
of the family Diprotodantidae:.

On the basis of his broader study of dental and
cranial characters, however, Murray (ibid,) con-
cludes that there are probably two minor zygoma-
turine lineages: one represented by species ol
Nimbadon, Neohelos and Kolopysiy, a group he
suspeets may consist of taxa related largely by
symplesiomorphies: the other lineage possibly
containing specics of Alkwertatherivin, Plaisio-
don and Kolopsoides, although for this clade he
can find even less conereie evidence. He suggests
that these two lineages might be related through
common ancestry in Ninbadon. He also suggests
in the text. but not the cladogram, that Nimbadean
species could represent basal zygomaturines with
some specific affinity to Plaisiodon centralis and
Neohelos tirarensis, and that Plaisiodon centralis
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is more closely related 1o Alkwertatherinm webbi
than to any other zygomaturing,

A phylogenetic hypothesis of diprotodontid in-
tee-relationships, incloding the three new Nim-
fadon species and broadly based on Murray's
cladistic analysis of dental characters, 1§ given in
Fig. 6. The polarity of some characters has been
interpreted differently from Murray (1990b) but
basic intergeneric relationships Temain  un
changed except for the position of Plaisivdon
centralis

In Fig. 6 and Murray (1990h), the Zygomaturi-
nae are clustered on the basis of a Jarge parastyle
on P which is separated from the parametacong
by a deep cleft. The Kolopsoides-Plaisiodon-
Nimbadon-Neohelos-Kolopsis-Zygomatiris
clade shares as a synapomorphy development of
# hypocone in P, The basic proportions of I are
apamorphically shared by species of the Nim-
badon, Pluisiodan, Neoheloy and Kolopsis clade
(but sce Murray. 1990b), with a division 1y the
parametacone interpreted 1o have occurred sub-
sequently m the Kolopsiy lineage. Retrpction of
the mesostyle towards the cingulum in P elusters
specics of Neohelos and Kolopsis (Murray,
1990h),

In both cladograms, the posteriorly inclined (or
hooked) parastyle of P in species of Nimbadaon
is regarded 10 be apomorphic. Only one other
zygomaturine exhibits this feature — Plagisiodon
centralis. Although species ol Nombudon e
readily distinguished from P. centralis by aspects
of upper premolar morphology (including in £
centralis the very large hypocone and the lingual
crest from the parametacone linking o the prato-
cone rather than the anterobingual cimgulurm) as
well as by their small size, lack of a posterinily
increasing molar gradient and absence ol metilo-
phids on lower molars, sharing of the distine-
tively shaped parastyle may indicale an albeil
distant phylogenetic relationship.

Although the three taxa described here as spe-
ces of Nimbadon may, when betier known, prove
not to be monophyletic, all exhibit the distinetive
erest on P* runming lingually from the parameta-
cone o the protacong then anteriorly Lo the an-
terolingual cingulum, a feature not previously
noted 10 any other diprotodontoid taxa. Other
features that characierise the new taxa include
their small size and an M2:Ma lepgeh ratio which
approaches 10, The laner are interpreted here and
generally (see below) to be plesiomorphic tea-
tares among  diprotodontids, but they might
equally be interpreted (o represent apomorphic
reversals within certain zy gomaturing lineages.
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Ngapakaldia & Puikaatia spp.

Racmeotherium yatkolat

Diprotndontines

Albwertatherium webbi

Kolopsoides cultridens

Plaiviodon cenrralis

g — Nimbadon scottarrorum

W0— N, lavaracknrium
9{
11— N. whitelaws

Nenhelos tirarensts

13 Kolopss spp.

FIG. 6. A phylogenctic hypothesis of zygomaturines, broadly based on Murray's (1990b) cladistic analysis of
dental characters in e Diprotodontidae. Apomorphies are as follows: 1, loss, mcorporation or suppression of

stylar cosps Cynd D with rcspevct (0 the lophs on upper moljars:
parastyle on P~ separated 1 fom par amelacone by a de

5 6, hooked parasiyle on P
of P U, elongation of po\tcnur molars (i.e. gt least M3- 4) 10, hypertrophy of P hypocuang:

proportional similarity of P~

2, reduction of paralophid crest on M(g', 3, large

*p cledt, 4, development of a hypocone pn P 5, busic

1 7, upical blade und diagonal erest on P78, <homnmL
11, Ll()ﬂédll()ll ol

anterior molars, 1.e. M2; 12, wiesostyle on P retracted towards cingulum: 13, division in P parametacone.

We cun, however, find no pressing evidenee to
closely align individual species of Nimbadon
with any previously known zygomaturine laxa.

Most zygomaturines — including species of
Zygomaturus,  Kolopsis,  Kolepsoides  and
Plaisiodon — exhibit a marked increase in molar
size [rom M2 to M4 (with an M2-My length ratio
of 0.85 or less) with M5 gencrally decreasing in
size (see also Rich, Archer & Tedford. 1978).
Whether this is also truc of topotypical Neohelos
rirarensiy is not known but Neolielos specimens
froni Bullock Creek and most from Riversleigh
exhibit this feature,

A molar gradient of M2:Md length approaching
1.0is regarded by Rich, Archer & Tedford (1978)
1o be plesiomorphic in zygomaturines. Rae-
meatherium varkolar, commonly considered to be
the most primitive of known zygomaturincs (hut
see Mureay, 1990b. and below) and represented
by a dentary, isolated lower teeth and an upper
incisor from the Oligo-Miocene Namba Forma-
non of Lake Pinpa, also has uniformly sized mo-
lars (with a ratio of M2My length of 0.96).
Palorchestids und diprotodontines variably ex-
hibit this feature and one of the oldest known
diprotodontoids, represented in the early Mio-
cene Geilston Bay Local Fauna by a maxilla
preserving part of M2 and M7, ulso has uniformly
sized molars. The latter is similar in size 10 K.

yatkolai but is wentatively considered by Tedfind
et al. (1975) to be a palorchestid. Apdn from its
shghtly larger size, Nanhadon lavarackonaon, the
only species of the genus so fur represented by
lower molars, like all other zygomaturines differs
from R. yatkelai in its reduction of anterior en-
weristids. Nimbadon species further differ from
Raemewtheriiom yarkaolai in being larger; in hay-

Ing o morc massive dentary whidl h, in trangverse
width, is approximately twice the width ol M+ in
having less well developed cristids obliquir refa-
tively widet trigonids on all molurs; rigonid ol
Ma nearly the same width as the talonid (in con-
trast o R. vatkolai where it is murkedly nar-
rower); metaconid of Mz as high as the proloconid
and associated with a prominent, steeply inclined,
swollen anterior butiress; metacristid of Mz trans-
versely onented (in contrast o R. yarkolui where
itis posterobuccally oriented)s “*arcuate” (rather
than anteroposteriorly rectilinear) paracristid an
Mz and lophids of lower molars less occlusally
concave.

It is possible thut molar size gradicwts in zy-
gomaturings are allometrically related to body-
size, with larger animals exhibiting relavively
larger postenior molars. From Olign-Miocene de-
posits on Riversleigh Station, small diproiodon-
tincs have been found with M2:M4 length
gradients approaching 1.0, Equally., however, the



larger of the Riversleigh species of Nimbadon
described here (N scotrorrorum) appears 1o have
been similar in overall size to ar least ope unde-
scribed Riversleigh Neohelos that shows a
marked progressive increase in molar size from
M2 to M4. I seems. therefore. that the feature is
nol always dependent cn absolute size althcugh
it may vary allometncally within lineages, In Fig,
6 it has been interpreted to be autapomorphic
within various clades,

Intrageneric relationships within Nimbadeon are
not much easier (o imerpret, Nenfvedion whitelaw:
differs from both A lavareckoruor und N, scot-
torrorum in its markedly more elongate upper
molars (particularly with respect ta N. scoftor-
rorum) and relatively more anterioriy siluated
buccal swelling on P Nimbadon Tavarackorum
differs from N scottarrorum i i smaller size,
less well-developed parastyle on M™ and prob-
ably more elongate posterior upper molars and
less well developed postmetacrista but more dis-
crete metastyle on M?. Nimbadon scotrorrarwum
is larger than both N lavarackorum and N.
whiiélawi, has more robust cingula on all cheuk-
teeth and greater parastylar development in M*
(contributing to the squared appearance of these
teeth). Within Nunbadon features such as the
hypertrophy of the P hypocone in some speci-
mens of V. lavarackorum and the shortening of
P'ia N. seomtorrorum appear to he aulapomeorphic
features unigue 1o those species. The most sirik-
ing differences between the taxa lie in the degree
of squaring (or conversely clongation) of the up-
per molars.

There are two quite different phylogenenc in-
terpretations of Nimbadon species. depending on
whether elongation (versus squarmg) of the upper
molars 15 considered to be plesiomarphic or apo-
morphic. Commonality would indicate squared
upper molars 1 be plesiomorphic among dipro-
todontian marsupials including phalangeridans,
vombatimorphians and even plesiomorphic kan-
garoos. However, within the Diprotodontidae the
otherwise ‘plesiomorphic’ (ie. simple) Rae-
meotherium  yatkelai has relatively elongate
lower molars and, although no uppers molars are
yet known, they too would probably have heen
relatively elongate, using as a guide the relative
proportions of the upper and lower molars of V.
lavarackorum. It should be noted that the pre-
sumplion thal £. yatkolai is the most plesiomor-
phic diprotodontid is based om its simplicity.
Simphicity, however, often characterises the
smaller members of some diprotodontian line-
ages (e.g. pseudocheirids and macropodids) and
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all members of other lineages with ubigiatously
smiall members (e g, bureamyids and acrobarids).

Because so tew dental character systems have
been found to be wseful in diprotodontid sys-
tematics, pelanity swings of this kind greatly in-
fluence the inerpreted relationships of taxa and
their biostratigraphic significance, If elongation
is plesiomorphic ameng diprotedontoids, fhen N.
whitelawi would be the most plesiomorphic ot the
three Nimbadon species. Its presence in the mid-
dle Miocene Bullock Creek Locul Fauna and the
presence of what would then be interpreted to be
the most apomorphic i the older Fig Tree Local
Fauna, wonld not be support for the currently
understood stratigraphie relationships. If, on the
other hand, clongation is interpreted 0 be apo-
morphic, then the maost derived species (N
whitelawi) occurs in one of the younger faunas
and the most plesiomorphic (V. scortorroram) in
the oldest of the fannas (Fig Tree).

The stratigraphic relationships of the fossi) as-
semblages have been discussed in the Systemat-
ics section above. The Fig Tree Site occurs
adjacent to units regarded o be part of
Riversleigh's Systern B sequence as defined by
Archer eral. (1989, 1901), though it may actually
be basal System B or upper System A, and 18
interpreted to be late Oligocene to carly Miocene
in age. The Henk's Hollow Site necurs near the
top of Riversleigh's Syslem C sequence and the
Gag Site near its base. Both lic stratigraphicully
above the Fig Tree level. On the basis of their
positions and stage of evolution comparisons of
their fossil mammals, they are mterpreted to be
middle Miocene in age and are probably similar
in age w the Bullock Creek assemblage. The
Bullock Creek Local Fauna has been interpreted
by Woadburne et al. (1985). Murray (1990a) and
Murray & Megirian (1990) to be middle Miocene,
Leimmediately post-Wipajid, in age.

On bulance. we consider the phylogenehu reli-
tionships of Nimbadon species (Fig. 6) 10 ap-
proxymately correspond to current understanding
of the relative ages of the deposits from which the
specimens were obtained but conclude that tor the
moment at least caution is appropriate in aliemprs
0 use zygomaturines Lo correlate northern Aus-
tralian Tertiary mammal- beanng faunas.
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